Abstract. The modified power method has been studied to calculate the first several eigenmodes at the same time. The solution strategy of the modified power method requires eigen-decomposition of the transfer matrix at the end of every iteration, which may produce complex intermediate eigensolutions if there are degenerated eigenmodes. For the successful implementation of the modified power method, a technique for resolving this issue is proposed and tested in this study.
Introduction
The modified power method (MPM) was recently developed to calculate the first several eigenmodes of the eigenvalue problem at the same time, and accelerate the convergence of the fundamental mode [1] [2] [3] . It requires the eigen-decomposition of a transfer matrix (TM) to help updating the multiple eigenfunction solutions. In cases where there are multiple eigenmodes corresponding to the same eigenvalue, the eigen-decomposition may give complex eigensolutions, which cannot be used to update the eigenfunctions and so the MPM does not work. This issue should be addressed for the application of the MPM to problems with degenerated eigenmodes.
Review of the Modified Power Method
If the first N eigenmodes are to be solved, the MPM starts with N independent functions and divides the whole system into N independent subregions. For every iteration of the MPM, the power operation is applied separately to the functions, and the integrals of the N functions over the N subregions before and after the power operation can be obtained, which can be denoted as 
(1) where X is the coefficient matrix, Λ Λ Λ Λ is a diagonal matrix that contains the first N eigenvalues and P TM is the transfer matrix.
The solution strategy of the MPM is as follows:
Step 1: Apply power operation to the functions separately, and get the function integral matrices V and W.
Step 2: Solve the TM: 1 .
Step 3: Do eigen-decomposition of the TM:
Step 4: Solve the linear combination coefficients:
1 .
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Step 5: Update the functions: ( ) ( )
Step 6: Check convergence. If not converged, go to step 1.
The Complex Intermediate Eigensolutions
When there are degenerated eigenmodes, the complex eigensolutions are frequently encountered during the simulation, and they will not disappear even if the solutions are converged. It is found that the complex eigensolutions are in the form of complex conjugate pairs:
, ,
where u R and u I are real vectors, λ R and λ I are real numbers and i is the imaginary unit. In addition, it is found that usually I R λ λ . The addition and subtraction of the two equations in Eq. (3) give:
, .
It can be noticed that λ R can be the approximated eigenvalue, while u R and u I can be the two approximated eigenvectors. It is then found that u R and u I change a lot for different iterations, and so a technique to constrain them is needed. A way to do that is to avoid the combination of the corresponding functions when updating the functions at step 5 by modifying the combination coefficient matrix X: 
Numerical Tests and Discussions

Description of the Problem
A 2D1G homogeneous square neutron diffusion problem is modeled to test the performance of the techniques. The diffusion equation to be solved is:
where D is the diffusion coefficient, Σ a is the absorption cross section, ν is the number of neutrons produced per fission, Σ f is the fission cross section and k is the criticality eigenvalue. 
The one-group cross sections are listed in Table 1 . The side length for the 2D square is 20.0 cm, and black boundaries are adopted. 100-by-100 meshes are used to construct the power operation matrix, the direct eigen-decomposition of which will be taken as the reference. The first 4 eigenmodes will be solved using MPM, with sub-regions defined as 2-by-2 coarse meshes.
Numerical Results
The results of the original power method and the MPM with and without the techniques are compared in Figure 1 . If without the approximation for the complex eigensolutions, the eigenfunctions can be updated only when all the eigensolutions are real. If without constraints for the degenerated eigenvectors, the corresponding eigenvector errors will fluctuate a lot. With the techniques proposed in this study, all the eigenvector errors converge smoothly. 
Summary
For the successful application of the MPM to problems with degenerated eigenmodes, the complex intermediate eigensolutions of the TM should be treated properly. The techniques to solve this problem are proposed, and the demonstration with a 2D1G homogeneous diffusion problem is given. These techniques should also work well for other applications if similar issues are encountered.
